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Novel approaches for prevention of RSV infection:

New anti-RSV monoclonal antibodies
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Outline

1. RSV: The virus  

2. Rationale for passive immunization for RSV

3. Previous experience with anti-RSV mAbs

4. Structure of Pre- and Post-Fusion F 

5. Novel potent neutralizing mAbs with extended half life
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RSV: The Virus 

Modified from Park JW, Barnett DW. South Med J 2002; 95:353–7; McLellan JS, Ray WC, Peeples ME. Curr Top 
Microbiol Immunol 2013; 372:83–104; Collins PL, Fearns R, Graham BS. Curr Top Microbiol Immunol 2013; 372:3–38
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Global RSV Disease Burden

RSV kills more children <1 year than any other single pathogen except malaria

Malaria (11.8%)

RSV

Lozano, R et al. The Lancet. 2012; 380:2095-2128.

28-364 days of life



1. 1960’s: Formalin-inactivated vaccine associated with enhanced disease

2. Live attenuated vaccines: need to balance attenuation vs immunogenicity

3. Immune system immaturity and peak of severe disease

4. Lessons from studies on maternal antibodies

RSV: Rationale for passive immunization
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Immune System Immaturity 



Mann-Whitney <0.01, Benjamini MTC x1.25 fold change
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Transcriptional Profile in Children with RSV Bronchiolitis 



36%$ 64%$

71%$ 29%$

53%$ 47%$

RSV$<6$months$

RSV$6524$months$

RSV$Signature$

Modules$Under$expressed$(%)$
Modules$Over$expressed$(%)$

F$

0 2 4 6 8 10 12 14 16 18 20

0

2

4

6

8

10

*r=$%0.52$
$$P<0.0001$

0 1 4 2 3 5 X 22 8 9 7 10 18 11

0

2

4

6

8

10

*r=$%0.65$
$$P<0.0001$

IF
N$
no

rm
al
ize

d$
ex
pr
es
sio

n$
va
lu
es
$

Length$of$Hospital$Stay$ DuraHon$of$supplemental$O2$

C$ D$

RSV-induced immune profiles by age group

Mejias et al, PLOS Medicine 2013:10(11):e1001549

Interferon(((((((((M1.2(

((((((((((((((((((((((((((((M3.4(

((((((((((((((((((((((((((((M5.12(
(

Inflamm.((((((((((((M4.6(
(

((((((((((((((((((((((((((((M5.1((((

50%( 81%(

42%( 68%(

62%( 67%(

40%(

28%(

<(6m(

B(cells((((((((((((((((M4.10(
(
Plasma(cells((((((M4.11(
(

Cytotoxic/(((((((((((((((((((((((
NK(cells(
(

TFcells(

13%(

92%(

M4.1(((((((((

<6m( 6F24m(

Innate&Immune&Response& Adap/ve&Immune&Response&

52%(

6F24m(

55%(

53%(

43%(

M6.13(

M5.15(Neutrophils(

M4.14(Monocytes( 17%(

Innate(Imm.(
Response(

23%(

13%(

50%(

56%(

M3.2(

M4.2(

M4.13(

46%(

55%(

17%(

40%( 56%(

20%( 24%(M4.15(((((((((
Lymphoid( M6.16(((((((((24%( 30%(

AnOmicrob(
Response( 92%(

M3.6(((((((((

M2.1(((((((((

Other&Blood&Cell&types&

Erythrocytes( M2.3(((((((((83%( 40%(

M3.1(((((((((52%(
Platelets( M1.1((((((((( 13%(

Interferon modules



Understanding impact of maternal antibodies



Serum IgG against PreF are the most abundant antibodies in infants 

Patients < 4 months of age
n = 44; 40 Acute patients (Circles).
Statistics: Kruskal-Wallis followed by Dunn’s Test to adjust for multiple comparisons.
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Capella C, et al; JID 2017
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Serum PreF antibodies inversely correlate with age

RSV Antibodies in Children and Disease Severity • JID 2017:216  (1 December) • 1401

Antibody concentrations to these RSV proteins had dramati-
cally decreased in most RSV-infected infants by 4 to 6 months 
of age. In fact, 28%, 52%, and 76% of patients >4 months of 
age had no detectable antibodies to the pre-F, post-F, and G 
proteins, respectively. This decline in antibody concentration 
is consistent with the expected decay of maternally transferred 
antibodies with increasing age [18, 38]. A few of the older chil-
dren and healthy controls >6 months of age (between 19 and 24 
months) had high serum antibody concentrations. These chil-
dren either attended day care or had siblings, suggesting that 
the elevated antibody concentrations observed likely represent 
the result of a previous RSV infection [19].

To quantify the biological function of the RSV antibod-
ies in these serum samples, we measured their ability to neu-
tralize RSV in vitro [30]. As illustrated in Figure  1D, overall 
the serum neutralizing activity was not significantly different 
between patients and healthy controls, stratified by age. Like 
RSV-specific antibody concentrations, neutralization activity 
inversely correlated with age (P < .0001; r = −0.73).

Concentrations of Respiratory Syncytial Virus-Specific Antibodies and 

Clinical Disease Severity

Next, we determined whether there was an association between 
disease severity and antibody concentrations. We excluded 

90
80
70

50

40

30

20

Pr
eF

-S
pe

ci
fic

 S
er

um
 Ig

G
 (μ

g/
m

l)
G

-S
pe

ci
fic

 S
er

um
 Ig

G
 (μ

g/
m

l)

10

0
0–2mo

9.0

N
eu

tr
al

iz
at

io
n:

 IC
50

 (L
og

2)

12

10

8

6

4

2

7.5

5

4

3

2

1

0

RSV +

A B

C D

Healthy
RSV +
Healthy

RSV +
Healthy

RSV +
Healthy

30
25

15

10

Po
st

F-
Sp

ec
ifi

c 
Se

ru
m

 Ig
G

 (μ
g/

m
l)

5

0
> 2–4mo > 4–6mo > 6mo 0–2mo > 2–4mo > 4–6mo > 6mo

0–2mo > 2–4mo > 4–6mo > 6mo0–2mo > 2–4mo > 4–6mo > 6mo

Figure 1. Serum immunoglobulin (Ig)G to each respiratory syncytial virus (RSV) neutralizing antigen and total neutralizing activity according to age. Sera from children 
<2 years of age with acute RSV infection (n = 65; 45 hospitalized and 20 outpatients) and from healthy controls (n = 18) were analyzed for IgG antibody binding and neutral-
ization activity, according to age (expressed in months). Antibodies to (A) the pre-F protein, (B) the post-F protein, and (C) the G protein were quantified by enzyme-linked 
immunosorbent assay or (D) assessed for neutralization activity. Neutralization is shown as the half-maximal (50%) inhibitory concentration of serum required to inhibit 
RSV infection. Each symbol represents the median of triplicate values, for each individual patient serum sample. Antibody concentrations are expressed as micrograms of 
antigen-specific IgG per milliliter of serum. Note that scales are different for each RSV glycoprotein.

Downloaded from https://academic.oup.com/jid/article-abstract/216/11/1398/4222339
by guest
on 26 December 2017

Capella C, et al; JID 2017



RSV patients with lower severity scores had higher 
PreF- and G-specific IgG antibodies

Patients < 6 months of age
n = 38 hospitalized patients
Statistics: Mann-Whitney, median with (IQR).
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Anti-RSV mAbs as a preventive strategy: 
What is the evidence?  
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Construction of palivizumab: 
A humanized monoclonal antibody



Randomized studies demonstrate efficacy                           
of palivizumab in reducing RSV hospitalizations

1. The IMpact-RSV Study Group. Pediatrics 1998; 102:531–7;
2. Feltes TF, et al. J Pediatr 2003; 143:532–40;
3. Carbonell-Estrany X, et al. Pediatrics 2010; 125:e35–51

IMpact1 Cardiac2 Palivizumab vs 
motavizumab3

0

2

4

6

8

10

12
%

 o
f s

ub
je

ct
s

10.6%

4.8%

55%

9.7%

5.3%

45%

1.9% 1.4%
53/500 42/1012 63/648 34/639 62/3306 46/3329

Placebo Palivizumab Placebo Palivizumab Palivizumab Motavizumab



RSV prophylaxis reduces hospitalizations and recurrent wheezing 
in late preterm infants (MAKI)

Blanken M, et al NEJM 2013; 368 (19): 1791-9 
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RSV F Protein: An Update

1. Conserved and excellent target for therapeutic interventions

2. Structures of both Pre- and Post-Fusion F have been resolved

3. Pre-Fusion F (PreF) contains the most potent neutralizing sites  

4. PreF considered ideal target for vaccines and mAbs
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RSV: The Virus 

Modified from Park JW, Barnett DW. South Med J 2002; 95:353–7; McLellan JS, Ray WC, Peeples ME. Curr Top Microbiol Immunol 2013; 372:83–104; 
Collins PL, Fearns R, Graham BS. Curr Top Microbiol Immunol 2013; 372:3–38
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F protein trimer-mediated fusion

Modified from McLellan JS, Ray WC, Peeples ME. Curr Top Microbiol Immunol 2013; 372:83–104
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RSV F protein: Pre-fusion vs Post-fusion

Modified from McLellan JS, et al. Science 2013; 340:1113–7
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Potent neutralizing mAbs bind PreFusion F



Graham B, Current Opinion in Virology 2017; 23:107 

RSV PreF and PostF antigenic sites



MEDI8897

Palivizumab

(Site II)

(Site Ø)

McLellan JS, et al. Science 2013; 340:1113–7; Synagis Summary of Product Characteristics, as approved in January 2016 (EMEA/H/C/000257-N/0110); Dubovsky F. 5th Asia 

Pacific Global Summit and Expo on Vaccines and Vaccination, 27–29 July 2015, Brisbane, Australia

MEDI8897 blocks RSV F protein-mediated fusion

• Fully human IgG1 mAb derived from human B-cells

• Targets a unique antigenic site on pre-fusion RSV F (distinct from palivizumab)



Anti-RSV neutralizing mAbs

Wu H, et al. J Mol Biol 2007; 368:652–65; Wu H, et al. Curr Top Microbiol Immunol 2008; 317:103–23; McLellan JS, et al. Science 2013; 340:1113–7; 

Dubovsky F. 5th Asia Pacific Global Summit and Expo on Vaccines and Vaccination, 27–29 July 2015, Brisbane, Australia
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Structure of PreF bound to new mAb

Zhu et al, Sci Transl Med 2017 eaaj1928



Comparative potency of new anti-RSV mAbs

Zhu et al, Sci Transl Med 2017 eaaj1928



Zhu et al, Sci Transl Med 2017 eaaj1928

Comparative potency of MEDI8897 vs Palivizumab 
against a  variety of clinical isolates



Zhu et al, Sci Transl Med 2017 eaaj1928



MEDI8897 serum concentrations time-profiles

Domachowske et al Pediatr Infect Dis J 2018;37:886



Phase 2b Study Design

• Study population
‒ 1453 preterm infants 29 – 35 weeks 

gestational age (Synagis-ineligible per 

guidelines) enrolled
• Primary endpoint

‒ Incidence of medically attended LRTI 
(inpatient and outpatient) caused by RT-PCR 

confirmed RSV for 150 days after dosing

• Key secondary and exploratory endpoints
‒ Incidence of hospitalizations due to RT-PCR-

confirmed RSV for 150 days after dosing

‒ Safety, PK, and ADA

‒ Assess healthcare utilization and caregiver 

burden

Randomized, double-blind, placebo-controlled study to evaluate the safety and efficacy of 

MEDI8897 in healthy preterm infants

Courtesy of Dr. Pam Griffin



Case Definition for LRTI Endpoint
Villafana et al., Expert Review of Vaccines, 2017

Elements to evaluate for case definition of LRTI*
RSV Physical Exam Findings Medical Significance (Disease 

Severity Indicators)
RSV confirmed:

• Positive RT-PCR assay by 
central laboratory

Documented findings localizing to lower 
respiratory tract:

• Rhonchi
• Rales
• Crackles
• Wheeze

• Increased respiratory rate (bpm)
• ≥ 60 for < 2 mo
• ≥ 50  for 2-6 mo
• ≥ 40  for 6-24 mo

• Hypoxemia
• O2 < 95% at ≤ 1800 meters
• O2 < 92% at > 1800 meters

• New onset apnea
• Nasal flaring
• Retractions
• Grunting
• Acute hypoxic or ventilatory failure
• Dehydration due to respiratory distress 

requiring IV hydration

*To meet the case definition there must be at least one criterion from each column
Courtesy of Dr. Pam Griffin



Reinventing the role of mAbs for prevention of RSV
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